INTRODUCTION 31
The mineral barite (BaSO4) is found in diverse depositional environments and is 32 associated with a variety of different geologic processes and pressure-temperature 33
conditions (e.g., Goldberg Rise (Jannasch et al., 1985) . We isolated three additional strains from sediment collected 232 in the Gulf of Mexico (Site GC233) near the site of barite crust collection. These 233 organisms were isolated on the experimental precipitation medium agar plates described 234 below, with the addition of thiosulfate, but without the addition of barium. These strains 235
were taxonomically characterized by amplification and analysis of 16S rRNA genes as 236 described for the clone libraries. The three strains are herein referred to as Halomonas 237 sp., strain BM23 (KP336666), Maribacter sp. strain LM2 (KP336667) and Roseobacter 238 sp. strain LH4 (KP336667). 239 240 PCR amplification using soxB specific primers, soxB693F and soxB1446B (Petri et al., 241 2001), was performed on all five isolates in order to assess the presence or absence of a 242
Sox pathway, a pathway that diverse lithotrophs use to oxidize sulfur (Mukhopadhyaya et inclusion in these experiments because previous work with related bacteria (Teske et al., 247 2000) suggested that its sulfur metabolism generates tetrathionate (and perhaps sulfate), 248 but at a slower rate than the other sulfur-oxidizing strains selected here. Maribacter sp. 249 strain LM2, a organoheterotroph, was chosen as a control strain because it does not likely 250 have the capability to oxidize thiosulfate, but grows on the same plates as the other 251 bacteria probably via the degradation of trace organics or structural proteins within the 252 agar.
Precipitation experiments and bacterial isolations were conducted using an agar base 254 medium with the following composition: 430 mM NaCl, 6.0 mM MgCl2 6H20, 2.0 mM 255 CaCl2, 3.3 mM NH4Cl, 3.1 mM K2HPO4, 10 mM Tris.Cl buffer, , 0.005% phenol red 256 (w/v), 1x SL-8 trace metal solution (Biebl and Pfennig, 1978) and 1.5% technical grade 257 agar (w/v) (BD Difco). Plates used during precipitation experiments consisting of the 258 base media supplemented with 2 mM BaCl2 and 10 mM Na2S2O3. Phenol red was used as 259 a pH indicator and base media was adjusted to pH 7.92. These plates were designed to 260 promote thiosulfate oxidation coupled with autotrophic growth whereby NH4 and PO4 261 serve as inorganic sources of N and P. Although Tris Cl provides some initial buffering 262 capacity to promote microbial growth, sufficient levels of acid or base production around 263 a microbial colony turns the phenol red yellow for acid production and fushia for base 264 production. Prior to initiation of precipitation experiments, all isolates were cultured in 265 liquid Marine Broth 2216 (BD Difco) except for T. crunogena, which was cultured in 266 liquid TMS media (Jannasch et al., 1985) . All cultures were incubated for 72 hours at 25º 267 ± 1º prior to inoculation of the barite precipitation experiments. 268
Aliquots (20 µl) of the liquid culture inocula were spread on the experimental plates. 269
Petri dishes were stored benchtop at 25º ± 1º. S. thiotaurini was grown in a Coy hypoxic 270 chamber (5% O2) due to its sensitivity to oxygen -a characteristic that it shares with 271 some closely related sulfide-oxidizing gammaproteobacteria, including marine Beggiatoa 272 strains. Experiments were monitored daily for cell growth, mineral precipitation, and 273 changes in pH. Plates with 2mM BaCl2 and ~10 mM Na2S2O3, but without cell inocula, 274
were used as cell-free control experiments. Additional controls were also performedusing cells fixed in a 4% paraformaldehyde in seawater solution incubated at 4ºC for 3 276 hours. 277
278

Isotopic Analysis 279
The sulfur (δ 34 S) and oxygen (δ 18 O) isotopic compositions of barite powders drilled 280 from barite crusts, barite-mineralized filaments and barite chimneys, were measured on a 281 stable isotope ratio mass spectrometer (IRMS; Thermo Delta V Plus at IUPUI 
RESULTS
300
Observations and mineralogical characterization of mineral filaments 301 A complex assemblage of mineral crusts, chimneys, brine flow channels, and microbial 302 mats containing abundant Beggiatoa surround the Dead Crab Lake brine pool (Fig. 1A) . 303
Fist-sized samples of mineral crust and small cone-shaped chimney structures were 304 collected using the DSV Alvin (Table S2 ). As with other barite crusts and chimneys from 305 the Gulf of Mexico, the samples collected were relatively porous and friable. 306
Examination of the freshly collected crust using a dissecting microscope revealed a dense 307 network of mineral filaments in the interiors of several barite crust samples (Fig. 1B) . 308
Living unmineralized filamentous sulfur bacteria resembling Beggiatoa were observed on 309 crust exteriors, but in much lower abundance than in the microbial mats from the 310 sediments in the vicinity of the crusts. Examination of the crusts using scanning electron 311 microscopy revealed fully mineralized filaments and some organic bacterial filaments 312 that were partially coated or encrusted by barite (Fig. 1C-D) . As these filaments 313 accumulate precipitates, they appear to grow thicker (sometimes substantially thicker 314 than the original cell) and the filamentous morphology grades into an amorphous mineral 315 texture (Fig. 1, Fig. S1 ). XRD analysis revealed that the mineral crusts and filament-316 encrusting minerals are composed principally of barite (Fig. S2) . Roseobacter was the most abundant genus, comprising 38% of the sequences. The most 332 abundant sequences within the Epsilonproteobacteria fell within the genera Sulfurovum, 333
Sulfuricurvum, Sulfurospirillum, and Sulfurimonas comprising 58%, 18%, 16%, and 334 4.6% of the epsilonproteobacterial sequences respectively. Molecular signatures of 335 sulfate-reducing bacteria were also present within the crust. Of the deltaproteobacterial 336 sequences 32%, 26%, and 5% were of the order Desulfobacterales, Desulfuromonadales, 337 and Desulfovibrionales respectively. 338
Thirty-eight nearly full-length 16S rRNA gene sequences were generated from the 339 bacterial clone library of the same sample used to generate the amplicon library, here 340 using the primer set 27F and 1492R (Table S2) Maribacter-associated precipitates were always restricted to a circular halo ~5 mm away 379 from the colony ( Figure S4 ). Barite precipitates were not observed to form on colony 380 biomass with Maribacter, in direct contrast to the sulfide-oxidizing bacterial isolates 381 tested. Mineral precipitates on colonies (or in the region surrounding the colonies in the 382 case of Maribacter sp.) were characterized using an XRD microdiffractometer. XRD 383 analysis of all five bacterial isolates show peaks that closely resemble reference peaks for 384 barite (Fig. S3) . Uninoculated control plates showed no mineral-precipitation or XRD 385 signal. PFA-fixed cells were also examined and no mineral precipitation was observed 386 with the PFA-fixed controls. 387
Changes in pH, as reflected in a color change of the phenol red within the agar, 388 occurred before mineral precipitation was easily observed by eye on the agar plates. In 389 the case of T. crunogena, Roseobacter sp. and S. thiotaurini the agar around the cell 390 colonies turned yellow from acid production. Initial growth of the halomonad, on the 391 other hand, resulted in a darkening or more fuchsia appearance of the agar plate 392 suggestive of tetrathionate production. But after 45 days the agar plates returned to their 393 original color and barite crystals were observed. Lastly, growth of Maribacter sp. turned 394 the agar plate slightly more yellow but the pH change occurred more diffusely throughout 395 the agar plate and was not localized around the bacterial colonies. 396 397 398
Sulfur and oxygen isotopes of barites 399
Sulfur and oxygen isotopic compositions of barite mineralized filaments, barite crusts, 400 and subsamples of barite chimneys are provided in Table S1 and plotted in Figure 4 (Fig. 4) . 407 408 DISCUSSION 409
Barite mineral filaments are encrusted Beggiatoa
The sediments on the shoreline of Dead Crab Lake were covered with microbial mats 411 predominated by filamentous sulfide-oxidizing Beggiatoa sp.
2 (Fig. 1A) . The barite-412 mineralized filaments preserved in crust samples from two sites at GC246 at the margins 413 of these mats are of similar size and morphology to Beggiatoa, and sometimes exhibit 414 apparent septations that resemble the linear arrangement of cells within the trichomes of 415
Beggiatoa, (Fig. 1C) . Additionally, the observation of unmineralized and partially 416 mineralized Beggiatoa (Fig. 1D, E) , in and on the same samples that contain the barite 417 mineral filaments suggests a continuum in the encrustation of Beggiatoa, from 418 completely mineral-free, to partially mineralized, to fully mineral-encrusted filaments 419 that become a structural component of the barite crust. Our conclusion that the mineral 420 filaments are encrusted Beggiatoa is further supported by the recovery of 16S rRNA 421 genes closely related to Candidatus Maribeggiatoa vulgaris in the clone libraries that 422 were produced from samples that contain mineralized filaments ( In the barite crust samples studied here, bacterial filaments are the only identifiable 433 organic surfaces covered with barite crystals and void space was observed between some 434 neighboring filaments (Fig. 1B) . Regions containing dense accumulations of obvious 435 mineral filaments are commonly surrounded by massive barite crusts that gradationally 436 exhibit less filamentous textures (Fig. S1 ). Dense networks of mineral filaments can take 437 on a clotted appearance similar to the more massive barite crystal aggregates that make 438 up the bulk of the crust exterior (Fig. S1 ). These microfacies relationships suggest that, at 439 least in the samples we examined, precipitation was initiated on the filaments and these 440 initial precipitates served as a foundation for the precipitation of a more massive 441 authigenic crust. The results of the precipitation experiments demonstrate that under sulfate-depleted 514 conditions, the oxidation of reduced sulfur compounds such as hydrogen sulfide and 515 thiosulfate can result in the rapid precipitation of barite that is localized on cell biomass. 516
In some cases, barite precipitation was rapid enough to entomb cells (Fig. 1G) (Feng and Roberts, 2011) . This interpretation explains at least some of the 569 disparity in isotope values seen in barites that formed at, or above, the sediment/water 570 interface relative to those that precipitated in the sediments. 571
In the case of the barite samples studied here, molecular evidence suggests a close 572 spatial association between sulfate-reducing bacteria and sulfide-oxidizing bacteria. We 573 suggest that one additional aspect of the more geochemically-open system near the 574 sediment/water interface is the presence of sulfide-oxidizing bacterial mats that can 575 shuttle sulfide to sulfate during sulfur oxidation. The relatively small sulfur isotope 576 effects (± 5‰) that occur during biological sulfide oxidation (Fry et show precipitation results of microbial growth on media of 10 mM Na2S2O3 with 2mM 711 BaCl (above) and without 2mM BaCl (below). Scale bars = 100 μm. 712 713 
